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POWER SUPPLY CIRCUIT AND TESTING DEVICE 

[ 0001 ] The present application is a continuation 

application of PCT/ JP02/05607 filed on June 6, 2002 which 
claims priority from a Japanese Patent Application No. 
2001-171113 filed on June 6, 2001, the contents of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a power supply 

circuit for supplying a voltage and a testing device fortesting 
an electronic device. More particularly, the present 
invention relates to a power supply circuit for supplying a 
constant voltage. 

Description of Related Art 

[0003] A conventional testing device for testing a 

semiconductor memory or the like uses a voltage generation 
circuit for supplying a constant voltage to the semiconductor 
memory as a power supply for driving the semiconductor memory, 
in order to prevent damage or the like of the semiconductor memory . 
As a device for supplying a constant voltage to a load, a voltage 
generation circuit disclosed in Japanese Patent Application 
Laying-Open No . 7-33324 9 is presently known, for example. This 
voltage generation circuit increases and reduces a current drawn 
from a supply line for supplying the voltage to the load based 
on increase and decrease of a current flowing through the supply 
line . 
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[0004] In order to achieve a high-speed operation of the 

conventional constant voltage generation circuit, however, an 
analog circuit such as a high-performance subtracter circuit 
is required . Moreover, there was a disadvantage that the circuit 
scale became larger, for example. In addition, the operation 
was delayed in some cases, because the current was controlled 
after the current actually had started to flow through a resistor . 

SUMMRY OF THE INVENTION 

[0005] Therefore, it is an object of the present 

invention to provide a power supply circuit and a testing device , 
which are capable of overcoming the above drawbacks 
accompanying the conventional art. The above and other 
objects can be achieved by combinations described in the 
independent claims. The dependent claims define further 
advantageous and exemplary combinations of the present 
invention . 

[0006] According to the first aspect of the present 

invention, a power supply circuit for supplying a voltage to 
a load is provided that comprises: a power supply operable 
to generate a predetermined voltage; an electrical path 
operable to electrically connect the power supply and the load 
to each other; a current draw unit operable to draw a current 
from the electrical path; and a current control unit operable 
to control the current drawn by the current draw unit from 
the electrical path based on a voltage received by the load. 
[0007] The current draw unit may connect to the 

electrical path to be in parallel to the load. The power supply 
circuit may further comprise a first current change unit, 
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provided in the electrical path between the current draw unit 
and the load to be in parallel to the load, operable to supply 
a current to the electrical path in a case where a current 
received by the load increased and draw a current from the 
electrical path in a case where the current received by the 
load decreased. The first current change unit may be a 
capacitor . 

[0008] An inductance component of the electrical path 

between the power supply and the current draw unit may be larger 
than an inductance component of the electrical path between the 
current draw unit and the load. The current control unit may 
make the current drawn by the current draw unit from the electrical 
path substantially zero in a case where the voltage received 
by the load became lower than a predetermined voltage. The 
current control unit may make the current drawn by the current 
draw unit from the electrical path to be a predetermined current 
value in a case where the voltage received by the load became 
higher than a predetermined voltage. The power supply circuit 
may further comprise a second current change unit, provided in 
the electrical path between the power supply and the current 
draw unit to be in parallel to the current draw unit, operable 
to supply a current to the electrical path in a case where the 
current drawn by the current draw unit increased and draw a current 
from the electrical path in a case where the current drawn by 
the current draw unit decreased. The second current change unit 
may be a capacitor. 

[0009] The capacitor serving as the second current change 

unit may have a larger capacity than the capacitor serving as 
the first current change unit . The electrical path may include : 
a first coil arranged between the power supply and the current 



4 



draw unit; and a second coil arranged between the current draw 
unit and the load, the second coil having a smaller inductance 
than the first coil. 

[0010] The current draw unit may include a MOS-FET. A 

drain terminal of the MOS-FET may be connected to the electrical 
path, while a source terminal thereof may be grounded . The power 
supply circuit may further comprise a driving unit operable to 
drive the MOS-FET in a saturation current region. The power 
supply circuit may further comprise a unit operable to apply 
a voltage to a gate terminal of the MOS-FET based on a drain 
voltage at the drain terminal of the MOS-FET. 

[ 0011 ] According to the second aspect of the present 

invention, a testing device for testing an electronic device 
is provided that comprises: a pattern generator operable to 
generate a test pattern for testing the electronic device; a 
determination unit operable to determine whether the electronic 
device is defective or not based on an output signal the electronic 
device outputs based on the test pattern; and a power supply 
circuit operable to supply power for driving the electronic 
device to the electronic device, wherein the power supply circuit 
includes: a power supply operable to generate a predetermined 
voltage; an electrical path operable to electrically connect 
the power supply and the electronic device to each other; a current 
draw unit operable to draw a current from the electrical path; 
and a current control unit operable to control the current drawn 
by the current draw unit from the electrical path based on a 
voltage received by the electronic device. 

[0012] The summary of the invention does not necessarily 

describe all necessary features of the present invention. The 
present invention may also be a sub-combination of the features 
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described above. The above and other features and advantages 
of the present invention will become more apparent from the 
following description of the embodiments taken in conjunction 
with the accompanying drawings, 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] Fig. 1 shows an exemplary structure of a testing 

device 100 according to the present invention. 
[0014] Fig. 2 shows an exemplary structure of a power 

supply circuit 30. 

[0015] Figs. 3A, 3B and 3C explain an operation of the 

power supply circuit 30 in a case where a current supplied to 
an electronic device 12 changed. 

[0016] Fig. 4 shows an exemplary structure of a current 

control unit 50. 

[0017] Fig. 5 shows an exemplary structure of a current 

draw unit 4 0 . 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] The invention will now be described based on the 

preferred embodiments, which do not intend to limit the scope 
of the present invention, but exemplify the invention. All of 
the features and the combinations thereof described in the 
embodiment are not necessarily essential to the invention. 
[0019] Fig. 1 shows an exemplary structure of a testing 

device 100 according to the present invention . The testing 
device 100 includes a pattern generator 10, a power supply circuit 
30 and a determination unit 20. In the present invention, an 
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electronic device 12 under test may include a digital circuit 
containing a plurality of semiconductor devices or may include 
a circuit in which a digital part and an analog part are mixed. 
For example, the electronic device 12 may be a semiconductor 
memory . 

[0020] The pattern generator 10 generates a test pattern 

for testing the electronic device 12 and supplies it to the 
electronic device 12. It is preferable that the pattern 
generator 10 generate various test patterns in accordance with 
items of the test for the electronic device 12. For example, 
it is preferable that the pattern generator 10 supply a test 
pattern that causes all the semiconductor devices in the 
electronic device 12 at least once to the electronic device 12. 
In a case where the electronic device 12 is a semiconductor memory , 
for example, the pattern generator 10 supplies a test pattern 
for testing whether or not a writing operation can be performed 
normally for all addresses in the semiconductor memory, to the 
electronic device 12. 

[0021] The power supply circuit 30 supplies power for 

driving the electronic device 12 to the electronic device 12. 
The power supply circuit 30 supplies an approximately constant 
voltage to the electronic device 12 . Because the power supply 
circuit 30 supplies the approximately constant voltage to the 
electronic device 12 , it is possible to test the electronic device 
12 without damaging it, even in a case a current that is supplied 
to the electronic device 12 rapidly changes. 

[0022] The determination unit 20 determines whether or 

not the electronic device 12 is defective based on an output 
signal the electronic device 12 outputs based on the test pattern . 
For example, the pattern generator 10 may generate an 
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expected-value signal that is a signal to be output by the 
electronic device 12 based on the test pattern, while the 
determination unit 20 may compare the expected-value signal with 
the output signal so as to determine whether or not the electronic 
device 12 is defective. Moreover, in a case where the electronic 
device 12 is a semiconductor memory, the determination unit 20 
may determine whether or not the electronic device 12 is defective 
based on whether or not a predetermined signal has been stored 
at a predetermined address in the electronic device 12. In this 
case, the determination unit 20 preferably includes a unit for 
reading the signal stored at the predetermined address in the 
electronic device 12. 

[0023] Fig. 2 shows an exemplary structure of the power 

supply circuit 30 . The power supply circuit 30 supplies a voltage 
to the electronic device 12 serving as a load. The power supply 
circuit 30 includes a power supply 32, an electrical path 36, 
a current draw unit 40, a current control unit 50, the first 
current change unit 34 and the second current change unit 38. 
The power supply 32 generates a predetermined voltage . As shown 
in Fig. 2, the power supply 32 can be a DC power supply. 
[0024] The electrical path 36 electrically connects the 

power supply 32 and the electronic device 12 to each other. The 
current draw unit 40 draws a current from the electrical path 
36. For example, in a case where the power supply 32 generates 
a current Ii and the current draw unit 40 draws a current I2, 
a current I 3 that is supplied to the load is determined by I 3 
= Ii - I2. As shown in Fig. 2, the current draw unit 40 connects 
to the electrical path 36 to be in parallel to the electronic 
device 12. The current draw unit 40 draws a current from the 
electrical path 36 and outputs the drawn current to reference 
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potential . 

[0025] The current control unit 50 controls the current 

drawn by the current draw unit 40 from the electrical path 36 
based on the voltage received by the electronic device 12. For 
example, the current draw unit 40 may make the current drawn 
by the current draw unit 40 from the electrical path 36 
substantially zero in a case where the voltage received by the 
electronic device 12 became lower than a predetermined voltage. 
Moreover, the current draw unit 40 may make the current drawn 
by the current draw unit 40 from the electrical path 36 a 
predetermined value in a case where the voltage received by the 
electronic device 12 became higher than a predetermined voltage . 
[0026] The first current change unit 34 connects to the 

electrical path 36 between the current draw unit 40 and the 
electronic device 12 so as to be in parallel to the electronic 
device 12. The first current change unit 34 supplies a current 
to the electrical path 36 in a case where the current received 
by the electronic device 12 increased and draws a current from 
the electrical path 36 in a case where the current received by 
the electronic device 12 decreased. The first current change 
unit 34 may be a capacitor. As shown in Fig. 2, one end of the 
first current change unit 34 connects to the reference potential . 
[0027] The second current change unit 38 connects to the 

electrical path 36 between the power supply 32 and the current 
draw unit 40 so as to be in parallel to the current draw unit 
40. The second current change unit 38 supplies a current to 
the electrical path 36 in a case where the current drawn by the 
current draw unit 40 increased and draws a current from the 
electrical path 36 in a case where the current drawn by the current 
draw unit 40 decreased. The second current change unit 38 may 
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be a capacitor- As shown in Fig. 2, one end of the second current 
change unit 38 connects to the reference potential. It is 
preferable that the capacitor serving as the second current 
change unit 38 have a larger capacity than the capacitor serving 
as the first current change unit 34. 

[0028] The electrical path 36 includes inductance 

components between the power supply 32 and the electronic device 
12. It is preferable that the inductance component L 2 in the 
electrical path 36 between the power supply 32 and the current 
draw unit 40 be larger than the inductance component Li in the 
electrical path 36 between the current draw unit 40 and the 
electronic device 12. For example, in a case where almost all 
inductance components in the electrical path 36 are formed by 
inductance components in a wiring, it is preferable that the 
current draw unit 40 connect to the electrical path 36 at a portion 
close to the electronic device 12. That is, it is preferable 
that the length of the electrical path 36 between the power supply 
32 and the current draw unit 40 be longer than the length of 
the electrical path 36 between the current draw unit 40 and the 
electronic device 12 . For example, the length of the electrical 
path 36 between the power supply 32 and the current draw unit 
40 may be three times longer than the length of the electrical 
path 36 between the current draw unit 40 and the electronic device 
12 or more. 

[0029] The electrical path 36 may include the first coil 

arranged between the power supply 32 and the current draw unit 
40 and the second coil arranged between the current draw unit 
40 and the electronic device 12, the second coil having a smaller 
inductance than the first coil. In other words, the inductance 
in the electrical path 36 may be adjusted by the first and second 
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coils. Next, the operation of the power supply circuit 30 is 
described . 

[0030] Figs. 3A, 3B and 3C explain the operation of the 

power supply circuit 30 in a case where the current that is supplied 
to the electronic device 12 changed. Fig. 3A shows a current 
I 0 that is supplied to the electronic device 12. In Fig. 3A, 
the horizontal axis represents time, while the vertical axis 
represents the intensity of current. Fig. 3B shows change of 
the voltage received by the electronic device 12 , i.e., a voltage 
V 0 at a connection of the first current change unit 34 and the 
electrical path 36. In Fig. 3B, the horizontal axis represents 
the same time in Fig. 3A, while the vertical axis represents 
the intensity of voltage. Fig. 3C shows change of the current 
I 2 drawn by the current draw unit 40. In Fig. 3C, the horizontal 
axis represents the same time in Fig. 3A, while the vertical 
axis represents the intensity of current. As shown in Fig. 3C, 
the current draw unit 40 draws a predetermined current I L from 
the electrical path 36 at a stationary state. 
[0031] As shown in Fig. 3A, when the current I 0 increased 

at a time Ti, change of current in the power supply 32, the second 
current change unit 38 and the current draw unit 40 is delayed 
because of the inductance component in the electrical path 36. 
Thus, the first current change unit 34 first supplies a current 
corresponding to the increase of the current I 0 to the electrical 
path 36. In this example, the capacitor serving as the first 
current change unit 34 supplies the current corresponding to 
the increase of the current I 0 to the electrical path 36. 
Therefore, electric charges stored in the capacitor are reduced, 
thus making the voltage V 0 lower, as shown in Fig. 3B. 
[0032] The current control unit 50 makes the current I 2 
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drawn by the current draw unit 40 substantially zero in a case 
where the voltage V 0 became lower than a predetermined voltage 
V L . The current I L drawn by the current draw unit 40 is supplied 
to the capacitor serving as the first current change unit 34 
and the electronic device 12, thus charging the capacitor. As 
a result, the voltage V 0 becomes a stationary value. 
[0033] Then, when the current I 0 decreased at a time T 2 , 

as shown in Fig. 3A, the change of current in the power supply 
32, the second current change unit 38 and the current draw unit 
40 is delayed because of the inductance component in the 
electrical path 36. Thus, the first current change unit 34 first 
draws a current corresponding to the decrease of the current 
I 0 from the electrical path 36. In this example, the capacitor 
serving as the first current change unit 34 draws the current 
corresponding to the decrease of the current I 0 from the 
electrical path 36. Therefore, the electric charges stored in 
the capacitor are increased, thus making the voltage V 0 higher, 
as shown in Fig. 3B. 

[0034] The current control unit 50 controls the current 

I 2 drawn by the current draw unit 40 to be a stationary value 
I L in a case where the voltage V 0 became higher than a predetermined 
voltage V H . The charges stored in the capacitor flow to the 
current draw unit 40 so as to make the voltage V 0 the stationary 
value . 

[0035] In this example, the current control unit 50 

controls the current drawn by the current draw unit 40 to be 
either zero or the stationary value I L . However, in an 
alternative example, the current control unit 50 may gradually 
change the current drawn by the current draw unit 4 0 based on 
the voltage V 0 received by the electronic device 12. 
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[003 6] According to the power supply circuit 30 described 

above, it is possible to precisely supply an approximately 
constant voltage to the electronic device 12 without being 
affected by the delay caused by the inductance component between 
the power supply 32 and the current draw unit 40 in a case where 
the current received by the electronic device 12 changed. 
Moreover, it is not necessary to use a voltage supply driven 
at a higher speed as the power supply 32 . By making the inductance 
component Li in the electrical path 36 sufficiently small, it 
is possible to control the voltage received by the electronic 
device 12 to be approximately constant, even if the distance 
between the power supply 32 and the electronic device 12 is large . 
Since the current draw unit 40 can be formed on a smaller scale 
than the power supply 32 typically, it is easy to arrange the 
current draw unit 40 at a position close to the electronic device 
12, thus the inductance component Li can be made small. 
Therefore, in a case where the test for the electronic device 
12 is performed using a high-capacity power supply as the power 
supply 32, the power supply 32 can be arranged at a position 
away from the electronic device 12 by a sufficient distance. 
This enables the test for the electronic device 12 to be precisely 
performed with no effect of heat, noise and the like generated 
by the power supply 32. 

[0037] Fig. 4 shows an exemplary structure of the current 

control unit 50. The current control unit 50 includes 
comparators 52 and 54 in this example. The comparator 52 
determines whether or not the voltage V Q received by the 
electronic device 12 is higher than a predetermined voltage V H . 
For example, the comparator 52 may subtract the voltage V H from 
the voltage V 0 , as shown in Fig. 4. In a typical example, the 
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current control unit 50 makes the current drawn by the current 
draw unit 40 a predetermined current I L in a case where the result 
of the' calculation by the comparator 52 is a positive value. 
[0038] It is preferable that the comparators 52 and 54 

include hysteresis functions in order to make the operations 
thereof stable. The hysteresis function mentioned above means 
a function for preventing the comparator 52 or 54 from being 
turned on until a predetermined voltage difference is supplied 
to the comparator 52 or 54 once the comparator 52 or 54 was turned 
off. 

[0039] The comparator 54 determines whether or not the 

voltage V 0 received by the electronic device 12 is lower than 
a predetermined voltage V L . For example, the comparator 54 may 
subtract the voltage V L from the voltage V 0 , as shown in Fig. 
4 . In a typical example, in a case where the calculation result 
in the comparator 54 is a negative value, the current control 
unit 50 makes the current drawn by the current draw unit 40 
approximately zero . 

[0040] As shown in Fig. 4, the current control unit 50 

may include voltage supplies 56 and 58 for supplying 
predetermined voltages to the comparators 52 and 54, 
respectively. Moreover, although the comparators 52 and 54 
compare the predetermined voltages V H and V L with the voltage 
V 0 received by the electronic device 12, respectively, in this 
example, they may compare a voltage at a connection of the second 
current change unit 38 and the electrical path 36 with the voltage 
V 0 received by the electronic device 12. For example, the 
comparator 52 may compare the voltage V 0 received by the 
electronic device 12 with a value obtained by adding a 
predetermined value to the voltage at the connection of the second 
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current change unit 38 and the electrical path 36. Also, the 
comparator 54 may compare the voltage V 0 received by the 
electronic device 12 with a value obtained by subtracting a 
predetermined value from the voltage at the connection of the 
second current change unit 38 and the electrical path 36. 
[0041] The power supply circuit 30 may include a unit 

for inputting a control signal that controls whether to operate 
the comparators 52 and 54 or not. The power supply circuit 30 
may control whether to control the voltage supplied to the 
electronic device 12 to be constant or not by controlling whether 
or not the comparators 52 and 54 are allowed to operate. For 
example, the power supply circuit 30 may switch whether to control 
the voltage to be supplied to the electronic device 12 to be 
constant or not in a case where the testing device 100 switches 
the test for the electronic device 12 between tests of static 
characteristics test and dynamic characteristics . For example, 
in a case of performing a test in which change of the voltage 
received by the electronic device 12 is small, the current control 
unit 50 may makes the current drawn by the current draw unit 
40 approximately zero. It is possible to improve power 
efficiency of the power supply circuit 30 by inputting the control 
signal so as to control the current drawn by the current draw 
unit 40 to be approximately zero in a case where the change of 
the voltage received by the electronic device 12 is small and 
to control the voltage received by the electronic device 12 to 
be approximately constant in a case where the change of the voltage 
received by the electronic device 12 is large. 
[ 004 2 ] Fig . 5 shows an exemplary structure of the current 

draw unit 40. The current draw unit 40 may include one or more 
MOS-FETs 42. In this example, a case is described where the 
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current draw unit 40 includes a plurality of MOS-FETs 42-1, . . . , 
42-n (n represents integer) . 

[0043] Drain terminals of the MOS-FETs 42-1, . .., 42-n 

are connected to the electrical path 36, while source terminals 
thereof are connected to the reference potential, i.e., are 
grounded. The current control unit 50 (see Fig. 4) may control 
the current drawn by the current draw unit 40 by controlling 
a gate voltage applied to a gate terminal of each MOS-FET 42. 
Moreover, in a case where the current draw unit 40 draws a 
predetermined current, the current control unit 50 may control 
the gate voltage of the MOS-FET 42 in such a manner that the 
MOS-FET 4 2 is driven in a saturation current region . For example , 
the current control unit 50 may apply a voltage to the gate terminal 
of the MOS-FET 42 based on a drain voltage at the drain terminal, 
i.e., a voltage at the connection of the current draw unit 40 
and the electrical path 36 {see Fig. 2) . 

[0044] In a case where a range in which the voltage at 

the drain terminal of the MOS-FET 42 changes is known, the current 
control unit 50 can drive the MOS-FET 42 in the saturation current 
region by making the gate voltage a voltage corresponding to 
the change range of the voltage at the drain terminal. Based 
on the test pattern for the electronic device 12, it is possible 
to easily estimate the change range of the voltage at the 
connection of the current draw unit 40 and the electrical path 
36. By driving the MOS-FET 42 in the saturation current region, 
it is possible to precisely control the amount of the current 
drawn by the current draw unit 40. Moreover, by connecting a 
plurality of MOS-FETs 42 in a plurality of stages, the current 
draw unit 40 can draw a given current. 

[0045] Although the present invention has been described 
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by way of exemplary embodiments, it should be understood that 
those skilled in the art might make many changes and substitutions 
without departing from the spirit and the scope of the present 
invention which is defined only by the appended claims. 
[0046] As is apparent from the above description, 

according to the present invention, it is possible to perform 
high-speed control for a load voltage even in a case where 
a load current has changed. Thus, a test for an electronic 
device can be performed with high precision and damages of 
the electronic device in the test can be prevented. 



